Although many factors affect the serum lipid levels in man, cholesterol and fat in the diet have a most crucial influence. It has been known for decades that cholesterol given with fat in the diet would invariably elevate the serum cholesterol concentration in experimental animals and ultimately produce atherosclerosis (2, 3) . Recently, myocardial infarction on the basis of severe coronary atherosclerosis has occurred in monkeys fed a diet rich in cholesterol and fat (4) .
We have reported previously that cholesterol provided in a natural food greatly increased the serum cholesterol and phospholipid levels in man (5, 6) . In these investigations, amounts of dietary cholesterol from 475 to 4,800 mg per day caused the same degree of increase in serum cholesterol concentrations. Special care was taken in these investigations to keep dietary fat constant in both quantity and fatty acid composition, so that these factors did not influence the results. Egg yolk, with a cholesterol content of about 240 mg per yolk, was a more potent hypercholesterolemic dietary component than pure crystalline cholesterol dissolved in oil. Others who have investigated the problems of dietary cholesterol in humans also found that the cholesterol of butterfat and egg yolk as well as pure cholesterol added to a vegetable oil produced increased serum cholesterol concentrations (7) (8) (9) (10) (11) .
Changes in dietary fat may affect the serum lipids in several ways. The amount of fat may be * Submitted for publication February 26, 1964 ; accepted April 23, 1964. Presented in part at the 1961 Annual Meeting of the American Heart Association, Council on Arteriosclerosis (1) . Supported important. When fat in the diet is below 40 g per day, the serum cholesterol concentration tends to fall although the earlier experiments illustrating this point did not always control other variable factors (12) . Another factor is the fatty acid composition of the dietary fat. The substitution of polyunsaturated fat for saturated fat in the human diet generally has led to a lowering of serum cholesterol levels (13) (14) (15) (16) (17) (18) . Most investigators who have altered dietary fat composition by substituting polyunsaturated for saturated fat have used either cholesterol-free formula diets or diets with reduced cholesterol content. The most comImonly eaten foods containing saturated fat, i.e., foods of animal origin, also have considerable cholesterol. The vegetable oils, used for their high content of polyunsaturated fatty acid, contain no cholesterol but considerable sitosterol, itself a serum cholesterol-lowering agent.
The possibly interrelated effects of these two factors, dietary fat and cholesterol, have not been studied in detail in human beings, particularly in men eating diets of mixed, natural foods. Our hypothesis was that dietary cholesterol is one factor which elevates the serum cholesterol level. On the other hand, polyunsaturated fat substituted for saturated fat has seemed to have a hypocholesterolemic effect. The purpose of the present study was the form of egg yolk and round steak was added to the diet, but the fatty acid composition and iodine number of the fat remained the same as in period III. Laboratory studies. Venous blood was drawn twice weekly from each subject after a 14-hour fast. The concentrations of total cholesterol (20) , phospholipid (21) , and triglyceride (22) were determined in duplicate on each serum specimen. The free fatty acid concentration was measured in oxalated plasma (23) . Venous blood sugar was determined at regular intervals in the diabetic patients, both when fasting and 2 hours after meals (24) . Twenty-four hour urinary sugar excretion of glucose was measured in order to assess further the state of diabetic control (25) .
Results
The serum cholesterol concentrations of all six subjects declined from period I to period II when cholesterol was removed from the diet. This effect occurred despite a relatively saturated dietary fatty acid composition that had an iodine number of 64 (see Table III and Figure 1) . The decrease in mean serum cholesterol concentration was 38 mg per 100 ml (p < 0.001), an 18% change. The serum phospholipid level declined 34 mg per 100 ml (p <0.001).
The serum lipids did not change during period III despite an increase in polyunsaturated fat and a decrease in saturated fat, giving a P/S ratio of 1.7. The fat of this diet had an iodine number of 100, and the diet remained cholesterol-free.
In period IV, the addition of 725 mg-of dietary cholesterol to the diet with an iodine number of 100 led to increased concentrations of the serum lipids. The serum cholesterol concentration increased 28 mg per 100 ml or 16%o (p < 0.02). The serum phospholipid concentration increased concomitantly.
The normal subjects and diabetic patients had similar responses in the serum lipids when the cholesterol content of the diet was altered. The diabetic patients were free of ketonuria, but continued to have some glycosuria. Nearly all the specimens of 24-hour urine contained less than 32 (5, 6) .
In this study the presence or absence of dietary cholesterol in an amount commonly eaten had a definite effect upon the serum cholesterol and phospholipid levels when the diet contained two different fatty acid compositions with iodine values of 64 and 100.
Of particular interest was the finding that the serum cholesterol concentration declined to 175 mg per 100 ml in period II when cholesterol was removed from the diet, despite a highly saturated dietary fat composition obtained through the use of cocoa butter. Malmros previously had observed in one subject that a cholesterol-free formula containing cocoa butter as the source of fat led to a lowering of the serum cholesterol level (27) . Ahrens and associates have reported that two patients, No. 26 and 37 in their paper, had low serum cholesterol concentrations with the fat derived from cocoa butter but had considerable increase in serum cholesterol with the change to butter fat (16) .
Another surprising result was that the serum lipids did not change as the fatty acid composition of the diet was made more unsaturated during the change from period II to period III. The fat fed in period III had an iodine value of 100 in contrast to an iodine value of 64 in period II. According to present day concepts, such a shift in fat composition should have produced a definite decrease in serum lipid levels (12) . Instead the mean serum cholesterol and phospholipid concentrations remained unchanged.
In explanation of these effects, we stress the point that our subjects were receiving a cholesterol-free diet in both periods II and III. Their serum cholesterol levels had already been reduced to a low figure by the previous removal of cholesterol from the diet. Most other studies of this problem have differed in experimental design from our study in several ways. Some of the diets used have contained cholesterol, since the importance of this constituent may not have been considered at the time (28, 29) . In other experiments, coconut oil, a fat having a very low iodine value, has been compared with corn oil, highly polyunsaturated. As Ahrens has pointed out, however, coconut oil is composed largely of short-chain fatty acids whose metabolism in the body differs greatly from the metabolism of the long-chain fatty acids (28) .
The application of this formula to the dietary periods of this study led to the following calculated results. From period I to II, the use of the formula would predict no change in the serum cholesterol level. As noted, the mean serum cholesterol level actually declined 38 mg per 100 ml. From period II to III, the application of the formula would predict a decline of 32 mg per 100 ml in serum cholesterol level. The actual change was only 2 mg per 100 ml. Finally, from period III to IV, with the formula, no change in serum cholesterol level would be expected, whereas there was actually an increase of 28 mg per 100 ml. Apparently the cholesterol content of the diet was an important factor not considered by this prediction formula. These observations do not deny the general validity of this formula but do indicate the importance of another dietary lipid. Summary 1) In diets of mixed, natural foods controlled in fat content and composition, the presence or absence of cholesterol influenced greatly the serum cholesterol and phospholipid levels in six men. The removal of cholesterol from the diet produced a decrease of 38 mg per 100 ml in the mean serum cholesterol concentration despite a diet containing a large quantity of saturated fat. The addition of 725 mg of dietary cholesterol caused an increase in the mean serum cholesterol concentration even when the diet contained a high content of polyunsaturated fat.
2) The concentration of serum lipids remained unchanged during two periods of cholesterol-free diets when the fatty acid composition of the dietary fat was made more polyunsaturated and less saturated (from an iodine number of 63 to 100).
3) The results of this study emphasize again the important influence of dietary cholesterol upon the serum lipids. The effects of changes in dietary fat composition in the ranges tested were minor in comparison to those caused by changes in the dietary intake of cholesterol.
4) The serum lipids of both healthy men and diabetic patients responded similarly to these dietary changes.
